OBJECTIVES: Bilateral internal thoracic artery (BITA) grafting is extensively underused in coronary artery bypass graft surgery and it is mostly preserved for patients under the age of 70. The purpose of the present study was to compare outcomes in propensity scorematched patients aged 70 years or greater using a BITA, with patients using a single internal thoracic artery (SITA) graft.
INTRODUCTION
The left internal thoracic artery (ITA) is the conduit of choice to bypass the left anterior descending artery in coronary artery bypass graft surgery (CABG) and is widely accepted with documented excellent long-term results. Bilateral internal thoracic artery (BITA) grafting is associated with an even greater long-term survival advantage [1] . Several studies have revealed that the use of multiple ITA grafting was also associated with a reduction in myocardial infarction, reoperation and need for future percutaneous coronary interventions [2] . In the 2011 American College of Cardiology/American Heart Association guidelines, use of BITA was a Class IIA recommendation [3] . Nevertheless, BITA is used relatively infrequently in the USA (<5% of isolated coronary bypass operations) and is mostly preferred for younger patients and with fewer comorbidities [4] .
The main reasons for this is evidence suggesting increased risk of deep sternal wound infection with use of BITA, particularly in high-risk subjects as morbidly obese, diabetic or chronic pulmonary obstructive disease (COPD) patients. Furthermore, because the survival benefit after BITA grafting was observed at 10 and 15 years, the extensive use of BITA seemed justified only for patients aged less than 70 years [1] .
With the expansion in life expectancy and a growing number of patients older than 70 referred for coronary surgery, new therapeutic options are demanded for these elderly subjects [5] . The role of BITA in this population is still under debate and very few studies have demonstrated long-term results comparing BITA with single internal thoracic artery (SITA).
The aim of our study was to evaluate the long-term mortality in a cohort of patients above 70 years old and to compare the outcomes among patients treated with one or two thoracic artery grafting. To adjust for bias in patient selection and preoperative variability, we performed a propensity score-based analysis.
MATERIALS AND METHODS

Study population
In 1972, we started using BITA in our unit and since 1986 it was extensively used as first choice for multivessel revascularization.
Among 18 761 patients operated on in our unit until December 2006, we selected 3496 patients aged 70 years or greater; of these, 1328 received a BITA (BITA group) and 2168 received a SITA (SITA group). Pre-, intra-and postoperative data were prospectively collected and follow-up data were obtained from telephonic contact or via internal and external medical records.
The primary outcome of interest was survival after 3 months, and 1 and 10 year(s). Secondary outcomes were the rate of myocardial infarction and stroke. A composite outcome was also studied as defined by the long-term survival, non-lethal stroke and myocardial infarction.
Actually the use of a second mammary artery was excluded for patients with a high risk of sternal complications: morbidly obese patients [body mass index (BMI) >40] severe COPD, severe complicated diabetes or in case of combination of these risk factors.
Since 1971, intermittent aortic cross-clamping and moderate hypothermia at 28°C has been the technique of choice for management of the ischaemic myocardium during coronary surgery. Since 1980, patients have been pre-treated with 1 mg/kg of lidoflazine given intravenously a few minutes before going on cardiopulmonary bypass [6] . Since October 1999, our unit has been undergoing a systematic re-engineering process adopting off-pump coronary artery bypass as the procedure of choice [7] for coronary revascularization. All elements of this procedure have been described earlier (http://www.opcab-training.eu). The mammary artery has been harvested as a pedicle graft or in a semi-skeletonized fashion where the artery and the satellite vein are prelevated together and the fascia is detached from the pedicle.
Statistical analysis
The preoperative categorical variables between survivors and non-survivors were compared by the χ 2 test and the continuous variable by the t-test.
A multivariate imputation function was used to treat and transform variables with missing values for categorical and continuous data.
To reduce the preoperative variability among the three consecutive groups, we used a propensity score methodology. The propensity scores were computed through a logistic regression with the odds of belonging to the BITA group as a dependent variable. A saturated model was built inserting selected variables in the regression formula. The model performance was moderate, with an area under the curve of the receiver operating characteristic of 81.9%. The predictors inserted in the model are listed in Supplementary Table 1. A case-control matching using a 'NearestNeighbour' algorithm using caliper widths equal at least to 0.2 of the standard deviation of the logit of the propensity score [8] was used to select the appropriate patients from the BITA and SITA groups.
Survival function was obtained from the Kaplan-Meier estimator, and a log-rank test was used to compare the survival difference in the two groups. The Cox regression model estimates the hazard ratio of each independent variable on survival over the entire length of follow-up in the matched population. All parameters were initially analysed using univariate Cox regression models. Variables with a probability value of <0.25 were candidates for the multivariate Cox regression model building. Selection variables with interaction terms were performed using a forward approach. Akaike's information criterion was used to compare candidate models.
All the statistical analyses were performed using the R software (version 2.14.1 Copyright © 2011, The R Foundation for Statistical Computing).
RESULTS
The first BITA was used in 1972 and since 1986 its use increased progressively from 14.4% of the patients undergoing CABG till 63.2%. Since 1996 till 2006, we used BITA in 48.4% of the patients undergoing CABG (Fig. 1) .
The differences in preoperative characteristics are summarized in Table 1 . Patients receiving a SITA were more often female, were older, had a higher rate of peripheral vascular disease, diabetes, COPD, mild mitral insufficiency, recent myocardial infarction and they had a higher risk of cardiopulmonary resuscitation and shock. They had a lower one-second value ( pulmonary function and FEV1) and a higher grade of stenosis in case of main stem lesion. After propensity score correction, 892 pairs of patients could be selected with similar preoperative characteristics ( Table 2 ). The total number of anastomosis was similar and the number of anastomosis on the aorta as well. The number of anastomosis to the lateral, posterior or inferior wall was higher in the SITA group (Table 2) .
Follow-up was complete for 100% of the patients, and the mean follow-up time was 3.05 years. The 3-month mortality in the unmatched population did not reach a significant difference (91.55% CI: 89.84-93.29 vs 89.22% CI: 87.79-90.66%, P = 0.07), whereas the 1-and 10-year survival were significantly higher in the BITA group (88.56% CI: 86.34-90.82 vs 84.62% CI: 82.69-86.59%, P < 0.01 and 57.56% CI: 52.60-62.97 vs 37.62% CI: 33.32-42.46%, <0.01) ( Table 3 and Fig. 2 ). After propensity score correction only the survival at 10 years was significant higher in the BITA group (57.5% CI: 52-63.6 vs 38.9% CI: 32.2-46.9%, P < 0.01) ( Table 4 and (Table 5) .
Early postoperative morbidity did not differ between the groups; in terms of myocardial infarction (2.23 vs 2.02%, P = 0.87), stroke (1.06 vs 1.38%, P = 0.67) and sternal complications (defined as sternal instability or need for refixation) were also similar in the SITA and BITA groups, respectively (2.93 vs 4.1%, P = 0.46).
DISCUSSION
Our findings show that the use of BITA improves the 1-and 10-year survival in an all comers' cohort of patients older than 70 years. The propensity score matching confirmed the use of BITA as a positive predictor for the 10-year survival
We corrected for differences in preoperative variability between the groups by a propensity-based matching. Risk factors such as COPD, peripheral vascular disease and history of stroke are all known negative predictors of long-term survival and they can bias the influence of other parameters in multivariable analysis. The matching process successfully annihilated the discrepancies in term of preoperative variability and permitted a more balanced comparison between the study groups. Relief of myocardial ischaemia, a decrease in frequency of major ischaemic episodes and possibly improvement in left ventricular function for some patients are the theoretical reasons for the better performance of BITA grafting compared with SITA and venous grafts. These benefits are consequences of a better long-term graft patency [9] . Therefore, the survival difference between the two groups could be explained by the temporal evolution of the graft patency. Venous grafts start to decrease in patency faster than arterial grafts with a patency at 10 years of 60-70%. The progressive graft occlusion could be a cause of myocardial infarction, heart failure and thus a lower 10-year survival. Also, the superiority of mammary arteries over saphenous vein grafts can be attributed to its striking resistance to the development of atherosclerosis. Structurally, its endothelial layer shows fewer fenestrations and lower intercellular junction permeability, which could prevent lipoproteins from entering the sub-endothelial space [10] ; furthermore, endothelial cells of the ITA are rich in heparin sulphate and endothelial nitric oxide synthase and release a greater amount of nitric oxide that contributes to the antithrombotic properties and endothelial homeostasis, which confer protection from atherosclerosis [11] . Recently, using the secretome obtained from mammary arteries, pre-atherosclerotic and atherosclerotic coronaries, de la Cuesta [12] compared plasma/serum for a more direct approximation to tissue activity in terms of released proteins, as a way to gain knowledge of the biological mechanisms taking place. [1]. Survival of BIMA versus SIMA patient groups at 10, 15 and 20 years was 81 vs 78%, 67 vs 58% and 50 vs 37%, respectively (P < 0.001), with continued widening of the survival curves at 20 years. Similar to our finding, the survival curve between the two groups started to diverge significantly after 5-to 7-year follow-up and the distance kept progressing with the increasing of the follow-up. In a more recent meta-analysis of comparative studies including 11 269 SITA patients and 4693 BITA patients, Taggart et al. [13] reported a hazard ratio of 0.8 (95% CI 0.70-0.94, P < 0.01) for long-term mortality in patients who underwent BITA compared with those who underwent SITA. In these reports, however, the number of patients >70 years who were operated on with BITA grafts was relatively small and extensive arterial grafting with BITA was used preferentially in a selected group of young male non-morbid obese, non-diabetic patients. One large series (1467 patients) comparing BITA with single ITA grafting in elderly patients was reported more recently by Kurlansky et al. [14] ; in their study, patients with BITA had a lower hospital mortality rate (3.1%) than those with a single ITA (6.4%), and the late survival (mean 43 months) was better as well (69.7 vs 60.7%, respectively). As in the above report, in our series, the old age was not a contraindication for BITA grafting. Complete arterial grafting with BITAs was the preferred method of myocardial revascularization. These selection criteria lead in our experience to a BITA grafting rate of about 37% in patients older than 70 years. Bilateral ITA grafting is only used in few European [6, 15, 16] , Australian [17] and American [18] centres. In the UK a recent review demonstrated that only 9% of all eligible patients received two or more arterial grafts [13] . In the USA, BITA is currently used in fewer than 5% of cases [19] . There are several reasons why BITA is so infrequently used in contemporary practice. In two separate surveys, the reasons cited most commonly by cardiac surgeons for not using BITA more often were concerns about increased early morbidity and mortality, with the potential risk of sternal wound infection mentioned by 35% of surgeons [20] . Harvesting the ITA as a wide musculofascial pedicle with the aid of electrocautery was shown to devascularize sternal collateral blood supply and expose the sternum to increased risk of poor healing, dehiscence and infection. The problem of poor healing caused by insufficient collateral blood supply may be more important in the elderly patient. The sternum of elderly patients is sometimes more fragile because of osteoporosis and suboptimal blood supply. The putative longterm benefits of using BITA for coronary bypass surgery are consequently outweighed in the minds of many surgeons by the shortterm considerations dominant in contemporary practice, where key quality benchmarks are entirely focused on 30-day and in-hospital outcomes, including surgical wound infections. Several large observational studies and a recent meta-analysis report a slightly higher incidence of deep sternal wound infections in patients who undergo CABG with BITA. In the analysis of the 1-year results of a multicentre randomized controlled trial designed to identify 10-year survival difference in 3102 patients undergoing primary CABG using BIMA or SIMA, the incidence of sternal wound reconstruction was 0.6% in SITA patients compared with 1.9% in BITA patients [21] (relative risk 3.24, 95% CI 1.54-6.83), and therefore, the authors concluded that BITA grafting is feasible and safe. In an age-related report, Medalion et al. [22] described rates of occurrence of sternal complications of 2.4, and 1.4% respectively, for ages 66-75 and >75 years. Our general rate of sternal complication was 1.9%, comparable with the previous one also using a non-skeletonized technique, and our results confirmed a similar increased risk of sternal complication in the BITA group (P = 0.42). Currently, in our unit, we have excluded the use Our study was a retrospective analysis of prospectively collected data, having patient and treatment selection biases as the usual limitation of a retrospective study. For example, particular parameters, such as frailty, could not be collected and then evaluated and used in the propensity correction. Other limitations are the large study interval and the possible variability among the patients population. We attempted to correct for the possible variability in pre, intra and postoperative variability during such a long study period by a variable 'Experience' obtained from the consecutive number of operations. And therefore, we inserted this variable in the propensity matching analysis. Another possible limitation is the lack of information about superficial sternal wound problems. We included in our secondary outcome only sternal complications and not superficial wound problems, because we want to focus on the direct problems related to the sternum itself, because superficial wound problems could be very often difficult information to collect and define in a uniform way, and because deep sternal complications are one of the most serious complications.
In conclusion, we believe that the use of BITA should be extended to elderly patients to increase not the short-term but the long-term survival. Because of its correlation with sternal wound infection, its use should be excluded in high risk patients, diabetic, COPD and morbidly obese.
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